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ABSTRAK 
Mengembangkan Pengendalian Hayati Terpadu Kapas dengan 
Konservasi Parasitoid dan Predator Hama Utama. Pada awal 
pengembangan kapas di Indonesia secara intensif, serangga hama merupakan 
satu aspek yang penting dalam budidaya kapas, sehingga dilakukan 
penyemprotan insektisida kimia sintetik secara berjadwal. Frekuensi 
penyemprotan adalah 7 kali dengan menggunakan 12 L insektisida per hektar 
per musim. Pengembangan PHT pada tanaman kapas ditekankan pada 
metode pengendalian non-kimiawi melalui optimalisasi peran musuh alami 
dalam pengendalian hama utama kapas (Amrasca biguttulla (Ishida) dan 
Helicoverpa armigera (Hübner)).  Konservasi parasitoid dan predator dengan 
menyediakan lingkungan yang mendukung perkembangan populasinya 
merupakan tindakan optimalisasi musuh alami tersebut sehingga dapat 
menjadi faktor mortalitas biotik yang efektif bagi serangga hama.  Konservasi 
parasitoid dan predator dapat dilakukan melalui perbaikan bahan tanaman 
dan teknik budidaya, yaitu penggunaan varietas kapas tahan wereng kapas, 
sistem tanam kapas tumpangsari dengan palawija, penggunaan mulsa, 
menerapkan konsep ambang kendali dengan mempertimbangkan keberadaan 
musuh alami, dan penggunaan insektisida botani, jika diperlukan.  
Konservasi parasitoid dan predator dalam PHT tanaman kapas dapat 
mengendalikan serangga hama kapas tanpa aplikasi insektisida kimia untuk 
mendapatkan produksi kapas berbiji yang sama dengan cara pengendalian 
menggunakan insektisida kimia, sehingga dapat meningkatkan pendapatan 
petani.  
KATA KUNCI: Gossypium hirsutum, konservasi, tindakan ambang batas, 
musuh alami, PHT 
 
ABSTRACT 
Developing Cotton IPM by Conserving Parasitoids and Predators of The 
Main Pest. On early development of intensive cotton program, insect pests 
were considered as an important aspect in cotton cultivation, so that it needed 
to be scheduled sprays.  The frequency of sprays was 7 times used 12L of 
chemical insecticides per hectare per season.  Development of cotton IPM 
was emphasized on non-chemical control methods through optimally utilize 
natural enemies of the cotton main pests (Amrasca biguttulla (Ishida) 
Helicoverpa armigera (Hübner)).  Conservation of parasitoids and predators 
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act of supporting the natural enemies as an effective biotic mortality factor of 
the insect pests. The conservation could be done by improving the plant 
matter and cultivation techniques that include the use of resistant variety to 
leafhopper, intercropping cotton with secondary food plants, mulch 
utilization, using action threshold that considered the presence of natural 
enemies, and application of botanical insecticides, if needed. Conservation of 
parasitoids and predators in cotton IPM could control the insect pests without 
any insecticide spray in obtaining the production of cotton seed. As such, the 
use of IPM method would increase farmers’ income. 




Cotton (Gossypium hirsutum) is 
not originally in Indonesia. The crop 
has been growing to fulfill the need of 
national textile production. In spite of 
the Indonesian-textile industry is one 
of the five biggest of world textile 
industry, the cotton fiber as the main 
material of the industry has not been 
produced in a big scale cotton culti-
vation. The domestic cotton fiber only 
supply 0.05% of the need for textile 
industries (Bahri 2010). The govern-
ment has supported the increase of 
cotton fiber production through imple-
mentation of increasing cotton pro-
duction programs (Hasanudin 2007). 
Development of cotton cultivation 
started through a program namely In-
tensive Cotton Development for Small-
holders Scheme in 1978/79 which 
includes area of 22.000 ha (Ditjenbun 
1999). The cotton cultivation was con-
centrated in South Sulawesi, East Java, 
Central Java, East Nusa Tenggara and 
West Nusa Tenggara. However, the 
program did not develop well in the 
context of area, which is gradually 
dwindling and in 2006 planting season 
the area was only recorded 7,000 ha, 
which is only 45% of the targeted area 
(Hasanudin 2007). Furthermore, the 
average productivity of seed cotton in 
farmer’s level is very low, i.e., 300 – 
500 kg/ha, very much lower than the 
potential of the crop production (2,000 
– 2,500 kg/ha). The obscurity in cotton 
development is due to non-technical 
problems, such as the unavailability of 
input production in a right time, and 
also technical problem such as insect 
pests’ damage. 
In the early development of the 
intensification program, we used im-
ported seeds such as Tamcot SP 37 and 
Delta Pine varieties (Hasnam 1994).  
These varieties are smooth leaf, so that 
they are susceptible to the early season 
pest, i.e., cotton jassids (Amrasca 
biguttulla (Ishida)) (Hemiptera: Cicca-
dellidae). Organophosphate insectcides 
were recommended for foliar spray to 
control this pest. However, this insec-
ticide sprays have caused the bollworm 
population, Helicoverpa armigera 
(Hubner) (Lepidoptera: Noctuidae), 
increased and caused boll damage. 
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Because of the bollworm attacks that 
caused direct effect on the production, 
this bollworm has been identified as a 
main pest of cotton in Indonesia. This 
is reflected in the recommendation of 
pest control as a package of the pro-
gram for planting season in 1971/72 to 
1989/90. The recommendation in-
cludes scheduled sprays for the jassid 
and bollworm since 45 days after 
planting (dap) to 105 dap with 10 
days-spray interval. The first-three 
sprays were targeted for jassids and the 
remaining were for the bollworm. This 
practice resulted a number of seven 
sprays using 11.5 – 12.0 L/ha insec-
ticides per season (Recommendation 
Letter of Ministry of Agricultural for 
credit package of Smallholder Cotton 
Intensification Program on 1971/72 to 
1989/90 planting seasons).   
Development of integrated pest 
management (IPM) on cotton was then 
emphasized on non-chemical control.  
This includes the development of 
control technique which involves na-
tural power, i.e. optimally functioning 
the role of natural enemies of the pests.  
In order to develop the IPM for catton, 
basic research activities have been 
done. The research activities were 
directed to the understanding the bio-
ecology of the pests which includes 
population dynamics, inventories their 
natural enemies, as well as their po-
tency as biotic mortality factors of the 
pest. The studies revealed that A. bigu-
ttula which attacks cotton in the early 
season is the key pest of cotton in 
Indonesia. The studies also identified 
natural enemies of cotton bollworm H. 
armigera which consists of 22 species 
that attack the eggs, 11 species of 
arthropods and 10 genera of insect 
pathogens which attack the larvae 
(Nurindah & Bindra 1988; Indrayani & 
Gothama 1988). The natural enemies 
of H. armigera could not builtup their 
population and well functioned as the 
bollworm control agents when the 
plantation have been chemically spray-
ed for controlling the jassid (Nurindah 
et al. 1993; 2004). Therefore, the first 
IPM component is the development of 
cotton varieties resistant to the jassid.  
The use of cotton resistant variety 
would avoid the early season insect-
cide sprays and give opportunity for 
the natural enemies to develop and 
then function as an effective mortality 
factor for the bollworm. In other 
words, the use of resistant variety to 
cotton jassid would conserve the 
natural enemies. 
This paper discusses the develop-
ment of cotton IPM in Indonesia by 
conserving of the natural enemies.  
The conservation could be done by 
developing cultivation techniques 
which include the use of varieties 
resistant to jassid, intercropping sys-
tem, mulching, apply the action thres-
hold concept and the use of botanical 
insecticide, if required. 
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CONSERVATION OF NATURAL 
ENEMIES THROUGH COTTON  
IPM COMPONENTS 
The Use of Cotton Varieties 
Resistant to Jassids 
Improvement of cotton varieties 
resistant to jassids has been done since 
1987. The improvement was done by 
selecting the cotton lines with hairy 
type, has a high potential production 
and a high quality of the fiber that 
meets with requirement of textile in-
dustry. IToFCRI has released a series 
of Kanesia varieties (15 varieties), 
which have moderately resistant to the 
jassid (Anonymous 2009). The hairy 
type of the plant, especially on the 
leaves which is called trichom, affects 
the jassid to inflexible suck the plant 
sap with its stylet. This physical rest-
ricttion would reduce the preference of 
the jassid to such plants and results in 
the low population of the jassid and 
prevents them to cause damage.  
Hairy morphology of the plant is a 
good oviposition medium for H. armi-
gera. However, larval population in 
such plants was always low, because 
population of its natural enemies was 
abundant. On a glabrous variety such 
as LRA 5166 with trichom density of 
476 trichom/cm2, population density of 
H. armigera egg was 9 eggs/m2 and 
egg parasitization level was 45%, 
while on non-hairy cotton type such as 
Tamcot SP 37 with trichom density of 
73 trichom/cm2, population density of 
H. armigera egg was 6 eggs/m2 and 
egg parasitization level was 32% 
(Nurindah & Sujak 2006).  This high 
parasitization level in high egg popu-
lation density was also followed by 
higher parasitoid species diversity than 
those in low egg population density 
(Lusyana 2005). This phenomenon in-
dicates that the use of cotton variety 
resistant to jassids would increase boll-
worm egg population, however this 
increase would followed by a high 
mortality by its parasitoids and pre-
dators. Therefore, the use of cotton 
varieties resistant to jassids would con-
serve natural enemies and allow them 
to well function as mortality factor of 
the pests. 
Intercropping System with 
Secondary Food Crop 
Intercrop system is a cultivation 
practice that leads to a high biodiver-
sity in such agro ecosystem (Jackson et 
al. 2010). This cultivation system is a 
common practice for Indonesian farm-
ers. Cotton is always intercropped with 
secondary food crops such as maize, 
soybean, mungbean or peanut (Mach-
fud 2002).  In pest control perspective, 
this system has a benefit in consequ-
ence of a relatively high diversity and 
population of natural enemies. The 
number of predators of H. armigera in 
cotton intercropped with soybean has 
been reported higher than that in cotton 
monoculture (Nurindah et al. 1993; 
Asbani et al. 2001) and in cotton 
intercropped with mungbean, popula-
tion of common predators such as 
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Paederus sp, (Coleoptera: Staphylini-
dae) increased and kept the jassid and 
bollworm population below action 
threshold (Nurindah & Sujak 2006).  
Lusyana (2005) also reported that 
species diversity of H. armigera egg 
parasitoids in such ecosystem also 
higher than that in monoculture habi-
tat. The higher species diversity of egg 
parasitoids proceeds to enhance contri-
bution to H. armigera mortality.  Mor-
tality of H. armigera on cotton inter-
cropped with mungbean was 36% (egg 
stage), 20% (larval stage), and 36% 
(pupal stage) (Nurindah et al. 2006). 
 Intercropping system has been 
proved to be an effective technique to 
increase insect population in the eco-
system. Habitat diversity in intercrop-
ing system would provide nectar and 
pollen for parasitoids and predators 
besides functions as a shelter for them, 
so that this would attract the natural 
enemies to such habitat (Duyck et al. 
2011; Maisonhaute et al. 2010).  The 
increase of insect population would 
conserve natural enemies or increase 
the complexity in the agro ecosystems 
and cause a high interaction among the 
present species. The dominant interact-
tion in a complex community is preda-
tion (Heddy & Kurniati 1996). The in-
crease population of natural enemies in 
the habitat would lead to an effective 
natural control of the herbivores.  
Therefore, intercropping system of cot-
ton with secondary food as a compo-
nent of cotton IPM could be said as an 
act of insect conservation. 
Apply Rice-Straw Mulch 
Mulching by adding biomass in an 
agriculture area has a positive effect to 
the soil. The biomass amendment 
would increase water holding capacity 
as a result of the improvement of soil 
physics such as porosity, permeability 
and mass volume of the soil (Mastur & 
Sunarlim 1993). Mulching has also 
been reported could increase the effi-
ciency of pest control (Mathews et al. 
2002; Mathews et al. 2004; Afun et al. 
1999). Mulching by using rice straw 
on cotton field would increase the 
organic matters in the soil and improve 
the soil fertility, as a result of soil 
physics and chemistry improvement, it 
also increase the activity of predation 
on H. armigera eggs and larvae 
(Subiyakto 2006). Therefore, culti-
vation practices of cotton in low-land 
after rice, where the use of rice straw 
for mulching is possible, would con-
serve the predators of cotton pests and 
could be relied as an effective natural 
power in controlling the pest.  Inter-
cropping cotton with soybean is prac-
ticeed by farmers in Lamongan (East 
Java) where most of the farmers rely 
on this natural control and do not use 
chemical insecticide at all. Application 
of rice-straw mulching on cotton inter-
cropped with soybean and implementa-
tion of action threshold concept which 
consider natural enemies presence 
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would increase the bollworm mortality 
by its predators and resulted in in-
creaseing seed cotton production 
(Nurindah & Sunarto 2008). 
The Use of Action Threshold  
Action threshold is a concept in 
pest control system; the pest popu-
lation level has to be reduced by con-
trolling the pest so that it would not 
cause further damage to the plant as 
well as economic injury. Action thres-
hold was derived from economic thres-
hold concept which determination of it 
values consider the economic factors 
such as market, input cost etc. These 
factors are fluctuated and use eco-
nomic threshold concept in cotton cul-
tivation would be very complicated.  
Therefore, it is necessary to use a more 
simple action threshold concept ins-
tead. 
Monitoring of cotton bollworm H. 
armigera was done by observing the 
small larvae on the one third of the top 
plants. Topper and Gothama (1986) 
has developed the action threshold for 
H. armigera on cotton, i.e., 4 larvae/25 
plants; and improved by Soenarjo and 
Subiyakto (1988), i.e., 4 infested plants 
of 25 sample plants.  The number of 
infested plants was a simpler substance 
of a number of larvae observed 
(Soenarjo & Subiyakto 1988). Action 
threshold for cotton jassid was 50% 
infested plants and showing the 
damage.  In determining the values of 
action threshold either Topper & 
Gothama (1986) nor Soenarjo & 
Subiyakto (1988) did not consider the 
presence of natural enemies, whereas a 
numerous and a high diversity of 
natural enemies has been recorded in 
cotton intercropped with secondary 
food crops and a relatively high biotic 
mortality of H. armigera eggs and 
larvae by parasitoids and predator has 
been reported (Nurindah et al. 2006). 
These natural enemies, especially 
complex predators, have an important 
role in suppressing the pest population. 
Therefore, their present must be 
considered. 
The values of action threshold then 
have been developed and the natural 
enemies presence was taken into acco-
unt. The new value for H. armigera is 
4 infested plants/25 plants and subtract 
the number of one infested plant 
observed when find every 8 predators, 
and fold up of it (Nurindah et al. 
2008). Using this action threshold 
value in cotton intercropped with soy-
bean in Lamongan, the farmers did not 
need to spray any insecticide to control 
the bollworm population to obtain the 
same amount of seed cotton production 
as per farmers used conventional con-
trol method by applying scheduled 
sprays (Nurindah & Sunarto 2006).  
This results, in turn, manage the farm-
ers to save up to Rp 500,000,- per 
hectare for buying and applying 
chemical insecticides. Therefore, con-
sidering natural enemies abundance in 
cotton intercropping with soybean by 
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conserving them would control H. 
armigera effectively, inexpensively, 
and environmentally friendly.  
The Use of Botanical Insecticides 
Botanical insecticides recommend-
dded as a component of cotton IPM is 
neem-seed extract (NSE). Formerly, 
input cost for insecticides in farmer 
level for cotton farming reached 65% 
of the total input cost (Basuki et al. 
2002). The adverse effects of the 
intensive use of synthetic insecticides 
for a long period has been reported, 
e.g., insect resistance to insecticide 
(Martin et al. 2000; Wolfenbarger & 
Vargas-Camplis 2003; Fakhrudin et al. 
2003), resurgance (Satpal-Singh et al. 
1995; Mohan & Katiyar 2000; Abrol 
& Singh 2003), emergence of second-
dary pests, and pollution to the envi-
ronment (Hallberg 1989; Kelly 1995; 
Schultz et al. 2001). These negative 
impacts are a great and an invaluable 
loses out. The use of NSE on cotton 
did not have adverse effect to the 
predators and parasitoids (Biradar et 
al. 2002; Sunarto et al. 2004; Kraees & 
Cullen 2008). Therefore, the NSE 
could be used as a substitute to the 
synthetic insecticides. 
Cotton farmers usually grow cotton 
intercropped with secondary food 
crops and were recommended to use 
moderately resistant cotton varietyes to 
jassids. These practices actually do not 
need any action of pest control by 
applying insecticide sprays. This has 
been demonstrated in 350 hectares of 
cotton fields in South Sulawesi and 
West Nusa Tenggara (Hasnam et al. 
2005) and 50 hectares in East Java 
(Nurindah et al. 2004), where in those 
fields did not require any insecticide 
spray and the cotton seed productivity 
was not different to, or even higher 
than, those of sprayed fields. How-
ever, it is not easy to convince the 
spray-minded farmers for not spray 
their cotton fields at all. Therefore, the 
use of botanical insecticides as syn-
thetic insecticides substitution could be 
as the in-between target of alteration of 
the spray-minded farmer to be a more 
care-about-environmental farmer. This 
would be possible as the NSE appli-
cation to the field is not different with 
synthetic insecticide spray.   
CONCLUSION 
Practice the cotton IPM compo-
nents such as use of a resistant or 
moderately resistant cotton varieties, 
grow cotton intercropping with se-
conddary food crops, apply the action 
threshold by considering the presence 
of natural enemies and use botanical 
insecticide, when necessary, apparent-
ly an act of conservation of the natural 
enemies of cotton pests. This conser-
vation would lead to natural control 
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